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Tevatron at Fermilab

World’s largest collider
I e 1 km ring radius; pp collisions, started
1984 /5=1.6TeV

e Run1(1992-1995) /s = 1.8 TeV, 6x6
bunches, %= 1.6x10cm2s7!,
[£dt=110pb~!

e 1996-2000 major upgrade for Run I
- main injector

Tevatron
S e - p recycler
pEL i A Mal:in.ylnje“(:to‘r - new synchrotron
' ;*1‘-_‘ ~ &Recycler L - Upgraded p source

e 2SS . Run Il started 2001:
S~ e - /s ~ 1.96TeV.
e Tevatron performs very well after ini- - 36x36 colliding pp bunches

tially slow start - 10''(10'%)p(p) per bunch

[ Zdt~900pb~" (~700pb~' ontape) .z —11.7x 103 cm 25" (record)
e CDF & DO efficiency ~ 80%

(goal 8.1 x 10*'cm™2s71)
- high beam-beam crossing (inter-

e 4—8fb~! by 2009 bunch spacing 396 ns), low pileup
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Collider Luminosity
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Results are based on [ .Zdt = 280 — 360pb !
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Heavy Flavor Production at Tevatron

O
QO
«Q

LO Heavy quark production

NLO Heavy quark production

Q g g q q

]

q o 9 o 9 Q 9 Q
Accelerator PEPII,KEK Tevatron
o (bb) 1 nb 100 ub
o(bb) : o(had) 0.26 0.001
Production ete” — Y(4S) — BB pp — bbX
coherent production incoherent production
Environment clean messy
Hadrons produced B, BT all
Boost 0.5 2-4
Kinematics forward boost bb not back-to-back, second b usually lost
pile-up no yes
Trigger inclusive selective
Beam energy constraint yes no

Q fragments into final states B, B4, Bs, Baryony, with the following fractions:

B, : Bg4: Bg: Baryon, =0.388: 0.388: 0.106: 0.118

production of B, is suppressed by 2-3 orders of magnitude as hard gluon process is needed
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Run || CDF Detector L ..

Upgraded CDF Detector

[0 tracking

e LOO + 5 layers of SVX + 2/1 outer layers of ISL (1.5 < R < 30cm,
stereo strips. 720,000 channels. Si tracking up to |n| < 2.

e Central Outer Tracker (COT), 30,240 sense wires, 96 layer drift wire chamber.
o(1/pr) ~0.1%/(GeV/c), o(hit) ~ 150um. dE/dx PID.

new plug calorimeter

Z| < 45cm). ro, rz,

extended muon coverage, |n| < 1.5
ToF system, (120 ps @ 138 cm)

improved DAQ and trigger systems

e new frontend electronics
Level 1 all digital, 132 ns pipeline

40000/300/70 Hz

COT Tracks @ Level 1
Si Tracks @ Level 2
Full analysis @ Level 3

First hadronic B-trigger

O O O O

SVXII + ISL

Muon chambers/scintillators

June 8, 2005 Dmitry Litvintsev, Fermilab CD/CDF 6



CDF Run Il B-triggers

e di-lepton triggers (J/¢ and rare B decays)
e single lepton triggers pt >4 GeV/c,pr > 8 GeV/c

e New displaced track triggers ( two track and
(+track):
- Level 1
[1 XFT tracking in COT (r — @)
[J opposite charged track pair with pt >2 GeV/c
each
0 Zpt >5.5GeV/c
] Ap < 135°

- Level 2

[1 XFT track seeds SVT boards, that perform
fast (r — @) track fit

[] repeat Level 1 cuts

[ require tracks impact parameter to be
0.012 < |dp| < 0.1 cm

¢+track uses slightly different set of cuts

Hadronic triggers improved B-physics sensitivity
by 5 orders of magnitude (compared to Run I)

Displaced
Vertex

\ Lw_,eé
Primary | B

Vertex #l'd_ -

x10?
u 5 ]
- P.=2GeV/c; X, =25 iy
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- ‘ bt II 1 I 1111 I 1111 I 1 I “““ ‘ -
j% 0 —-400 —-300 —200 —-100 O 100 200 300 400 500
SVvT d, (um)

o(dy)syT = 48 um (including o (beam) =33 u

o
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Motivation

° nlhrnd7rns<</\QCD < Mg, My, My

e Heavy hadrons — heavy source of static color field in the center surrounded by the cloud of
light degrees of freedom. As Mg — % new Heavy Quark Symmetry arises:

[1 Spin symmetry

[1 Flavour symmetry (cloud and center communiucate via gluons which are flavor-blind)

e As the result QCD description of heavy-light systems simplifies in the HQS limit. Corrections

to the limit are introduced as systematic (Aqcp/Mq) expansion. The approach is called Heavy
Quark Effective Theory (HQET).

¢ In heavy meason sector (bg) HQET predictions are known to work well and are tested with high
statistics data from B-factories, LEP and Tevatron.

e Experimental data on Heavy Baryons remains scarce.
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Ny, at CDF

e /\p—iso-singlet containing band S= 0 3 SU(3) di-quark [ud] . M = 5.620 GeV /c?. Discovered
by ALEPH in Ap — A¢3Tmode.

e Only two (PDG’2004) decays are established: Ap — J/ YA and Ny — ALV, X
Br(Ap — A UVy)
Br(Ap — AgmT)

4-track final states — systematics cancels

Br (/\b — /\ELIJ‘_/u) o N(Aé—u—) - Nphysics — Nfakeu - Nb[),cc « 8(/\2_7'[
Br (Mo = ASTT) N(AL T e 1)

We set out to measure:

, where Al — pK~ 1",

N—"

e use:
[] two-track hadronic trigger data

[] use decays similar decays B? — D*** as control samples

e Missing neutrino represents challenge as decay kinematics is not reconstucted fully, use:
[J Data to estimate fake rate

[] MC to estimate “physics” and bB, CC backrounds. Use /\(J{T[yield for normalization.
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Event Selection

o [Ldt=237pb"!

e Two-Track trigger. Trigger confirmation on two out of
four tracks:

0 pr1 >2GeV/c,pr2 >2GeV/c
0 Y pri+pr2>55GeV/c
0 2° < |A@]| < 90°

0 |AZy| <5 cm
[0 Lyy(at track intersect) > 200 ym P
All modes
pr of all tracks >0.5GeV/c
s, Us Pt >2GeV/c Ae K -
pr (4 — track) >6GeV/c '
U match X2 <8

every track exits COT layer 95
T is fiducial in muon system (CMU)

0 cr(B) > 200 um, ct(D° — B) > —70um, cr(D* —
B) > —30um

[0 ct(Ap) > 250 pum, cT(A$ — Ap) > —70um
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Control Samples

1

N CDF Run Il Preliminary 173 pb
§350‘3 Bmix - D*+H_X
: DOt

D 3001 - a

X ; N = 1059 + 33
32005

L1150

o z

> 1002 X?/NDF=107.7/93
LW 50 prob = 14.1%

8.14 0.15 0.16 0.17 0.18

M(D°1)- M(D°) [GeV/c?]

1

Events/ 5 MeV/c?
5
@)
o

CDF Run Il Preliminary 173 pb
. Brix — DX
....... D, reflection ., K7t

N =4720 = 100

+ -
X2/NDF=34.4/31

200
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CDF Run Il Preliminary 173 pb
C\lo 70, _O —0 *
L 1 B°.. D™t —B_ - D 'K]
= ©°1 ~ D%t —B° - Dlp
= 5o - K o
) 1 N = 106 + 11 X /NDF=20.7/12
N 40 prob = 5.4%
E ]
— 30
L A
T 207:
10
0O- ‘ ‘ ‘
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1601 B° . D1t —B° -~ D'p/D7TT
%14075 — K11 —B - D'X
] N=579 +30 x2/NDF=80.0/91
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— n
O ‘ ‘ ; ‘
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The N\p

CDF Run Il Preliminary 173 pb -t CDF Run Il Preliminary 173 pb -
o 7004 B + 6250 x2/NDF=122.9/111
] o - < + = .
S 600« BmIX /\Cl-'l >_( > /\b — /\C-’T N i prob — 207%
CD5OO — PpK 1T ‘@ 200- — p K'1t"
= = ] N=179 £ 19
S 400% g 150% {Z\gu7— /}%r}f B reflections
(7] + + —_ - 8merpl;>\ n??ason decays
£ 300 + F B100] 1 hingiena background
= 200 N=1237+97 | & 4
100 X2/NDF=47.9/38 11 501
] prob = 13.0% .
O1l— , , . O . , VAT : |
2.2 2.25 2.3 2.352 5 55 6 6.5 27
M(pKT1) [GeV/c ] M) [GeV/cT]
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Nature of X

0 We measure

/\bﬁ/\cﬂ//\b%/\cé\_/ v/
0 what is X in Ay — N AVX?

Ve
b C
=0 q q =0

0 l.d.f. conserve isospin, Sso:
. decay \y — 214V is suppressed

- decays to 1=0 states are OK, E.g.: A\p — AZLV. Suppressed due to
heavy b-quark.
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What is A: ?

ol
Nﬁ—‘
W‘H

o lowest P-wave I,=0,Ix =1:

« degenerate (in HQS limit) dou-
blet:

\STJON]

_ /
J=]1£s9 $ ;

N —
>
o
NEA

mass [GeV]

3.0

2.9

2.8

2.7

2.6

2.5

24

2.3
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2Tl

N\ - type
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— Search for Aiu-

Add two soft pions to Ay decay vertex, keep all other cuts the same
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Search for Ay~

N [

o = - -
S wf -
Q " , .
2 uf A sceband | :
z *F | E

20 -

0.30 0.35 0.40

MATETD-M(A)  [Gevich

We see two significant peaks

IM(pK 1) =M, | < 18 MeV/c”.

24 MeV /2 < |M(pK7T) — M| < 42 Mev/c.
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N /1.5 MeV/c?

Zg+p“—

sl * * |
oS KT T
0Id ol o8 om0 o
M(/\CT['-)-M(/\C) [GEV/CZ]
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Yields

Relevant Fit Parameter | no proton PID
N(Z) 38+ 13+8
N(ZY) 33+£11+£7
N(AL(2593)) 36 E8+8
N(AL(2625)) 60+10+6

Dmitry Litvintseyv,

Fermilab CD/CDF 18
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What we want to measure

B B(No— Ny(2593) V)
By BNo— NP V)

By B(No— Ny(2625)u7 V)
By BNo— NP V)

B cgg(/\b — ZCIJ_\_/H)

A %(Abﬁ/\g[,l_\_/u)

Dmitry Litvintsev, Fermilab CD/CDF
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Direct 5. yield L.

use measured properties of A; baryons:

decay modes NG NG

AT T ~67%  ~61%
st 2UET% < 5%
Zgrﬁ 24+7% < 5%

A 3-body 18+ 10% large

N(Ap — S5t uy) = N(EEH) — N(AL(2593)) /€l B(NL(2593) — S5 )

N(Ap — Z21,) = N(Z2) — N(AX(2593)) /€] B(N5(2593) — 307)
o £]'=0.80+0.02+0.12 - efficiency to find and “attach” 7Tfrom Z. decay from A, — AZUV,
o N(A\p— ZiTuv,) =27+13+9
° N(/\b — Zg[l\_/u) =222+114+9

Weighted average number of all three states (£, 7, ") is 3 x (24 £8.4 £6.3)
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Finally

7
L= (4.8+1.2+1.5)%x1072
By
7
2 —(7.8£1.5+£2.0)x 1072
By
7
> = (34+£12+1.1)x 1072
By

These numbers enter background estimate for A, — Al U™V,

June 8, 2005 Dmitry Litvintsev, Fermilab CD/CDF
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Numbers

B - D™X|B'—= D*"X | Ap — A/ X
yield (had) 10611 579 £30 179+19
yield (sem) | 1059433 | 4720+ 100 | 1237 +97
physics 168 +8 477+ 13 122+6
fakes 4443 230+ 19 4049
Nop 6+0.6 34+2| 2.1£0.2
Nec 4404 234+110.204+0.03

Dmitry Litvintsev, Fermilab CD/CDF
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Results

B(B'—D*tu—v
oo = 17.742.3(stat.) £0.6(syst.) & 0.4(Br) % 1.1 (uknownBr)

19.7+ 1.7(PDG)

o

o) = 9.8 1.0(stat.) =0.6(syst.) £ 0.8(Br) 0.9 (uknown Br),
7.8+ 1.0(PDG)

BNV —AG U~ y) .
B(?\b—v\gn—? = 20.043.0(stat.) £ 1.2(syst.) 19 7(Br) £ 0.5(uknown Br)
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Other Ground states B=1, C=0

Weakly decaying ground state b-baryons

Notation Quark content JF SU@3) (I,13) S B Mass
blud] 1/2+ (0,0) 0 5619.7+1.24 1.2 MeV /c?
b[su] 1/2+ (1/2,1/2) -1 1 5.80GeV/c?
b[sd] 1/2+ (1/2,-1/2) -1 1 5.80GeV/c?
bss 1/2+ (0,0) 2 1 6.04GeV/c?
Quoted Ap mass is CDF measurement.

[1 Decays of bottom-strange baryon involve long lived hyperons as decay products.
[1 => start with reconstructing long lived hyperons
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Decays with Hyperons

b —J/Y

—p— ZcT+NITT

= +nmm ,Qy—J/P|Q +nmT

— AT — NAK™

,£2bH QC—|—I17T

— Q  +n

T

— NAK™

, Qp— Qe+ X

— Q7 +n

IT

— NAK™

=p — DYA , Qp — DV=-

June 8, 2005
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Cascade tracking in SVX at CDE |

Hyperon Are Tracked in Silicon

0 == — A% is long lived ¢t = 4.91cm. It leaves hits in SVX detector. Momentum and
vertex of Arr are used to seed specialized tracking algorithm that finds = tracks in
silicon.

MC:Eb—>Eng’_
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Tracked Hyperon signals L. J

e silicon tracking of hyperons improves momentum and impact parameter resolution as well as results
in excellent background suppression

101| right sign, RCA)>R(Z)+1 | | _CDF Run Il Preliminary |

] A

2

=
o
o
o
o

9000
8000

L=283 pb™*
=track found in SVX
N=72,000

15000

N /2 MeV/c

7000

N /2 MeV/c?

6000
5000 10000
4000
3000

2000 5000

1000

e |y by by by
126 1.28 13 1.32 134 136 1.38

= IIII|IIII|IIII|IIII|IIII|IIII|IIII|III |IIII|IIII

ﬁ IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

L [l B ST o ey
24 126 128 130 132 134 136 1.38

M(AT) [GeVic]

4 0
1.

N

—

M(AT) [GeVic
Hadron trigger data

e hyperon tracks reconstructed in SVX will be used to probe production of =p and Qy in decays
accessible to CDF triggers (work in progress)
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Relative Effi ciency

relative = SVX tracking effi ciency vs Ly

| SVX = tracking efficiency |

> ! S ! ! R '+L
O b N S —
s T | L g+t H
o f e T+ i
= 0.8 — ' .
o I i
o F ]
© 0.6 ]
2 [ T 67.8956 /25 ]
o4k o 0.9143 £+0.0039 |
% L -1.5665 + 0.1351 ]
o [ -3.0745 +0.0508 ]
S 02 - ——
ol | e | N A B
0 5 10 15 20 25 30
Lyy [cm]

. plateau at (91 + 0.4)% (including SVX fi ducial)

« overall effi ciency to fi nd SVX = track is 40%
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Omega L ..

Q) reconstructed in SVX detector

CDF Run Il Preliminary
NO 9005 L I1. L L '_1' o ol o E
S 800F- L ~220 pb N K E
= 700} AKT
26002— Q Track found in SVX _é
400f- M = (1,671.8+0.1) MeV/c
300F- —~
200f- —~
100f &
QE....|....|....|....|....|....E
1.6 1.65 1.7 1.75 1.8 1.85 1.9
M(A,K) [GeV/c ]
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N/ 10 MeV/c?

Charmed-strange signals @ CDF L. .

First observation in pp collisions

| CDF Run Il Preliminary | L:283pb-1 | CDF Run Il Preliminary | L=283pb_1
T T T T T ] N, MOF T T o
60| yield 123, .= % ol yield 216 ={ - =T |
- = track found in SVX ] = L = track found in SVX 1
50 1 3 -
B ] ] 100?
40 = 80k
30| 60f
20| 40}
10| 20
O:I L L L I L L L L I L L L L I L L L L I L L L L I L L L I: :I L L L I L L L L I L L L L I L L L L I L L L L I L L L I:
2.2 2.3 2.4 2.5 2.6 2.7 2.8 %.2 2.3 2.4 2.5 2.6 2.7 2.8
—- 2 —- 2
M(="1T) [GeVi/cT M(="1t1T) [GeV/cT]

: =0 =+
Signals from = and =/
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e L. .

CDF Run |l Preliminary |

| Jihy Mass Silicon Selection | l
x10° CDF Preliminary "L:sZSO pb”

> N 800F L v L T T | T T —]
© 120[ o ;
= 120 s Ny, ~2x10° = - L~360pb™ I:I/\T[‘ .
2 Ff . o~14MeV () - Ked i .
» 100 o = | = tracked in SVX ATT ]
| B N 600 2800 candidates —
[= r -~ - ]
8- .. = i ]
eof § 400} _|
40 . i i
_ Pt 200 .
20 _,‘ s - i
ol:lu..I....I....I....I....I....II 0‘ . — —oll e —— - _
295 3 305 34 345 32 325 1.26 128  1.30 132 134  1.36  1.38
Jhy Mass (GeV/c") 2
Thu Aug S 20:26:38 2004 ’ M (Am [GeV/C ]
[ CDF Run Il Preliminary ]
~ ST T ]
L B ]
% B ]
= a4 I
o B ]
~ B ]
~ - —
pd 3SE -
2 -
1 ]
5.0 5.2 5.4 5.6

Ll
5.8 6.0 6.2 6.4

M(J IP=) [GeV/c?]
Blinded mass spectrum of J /(=
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Expected Yield L ..

[0 The expected yield in of = is estimated from known yield of A, — J/(/\ and measured b-quark

fragmentation fractions into mesons and baryons:

bu : bd : bs : b—baryon =0.388:0.388:0.106: 0.118.

[J Assuming that the probability of s-quark popping is the same for baryons and mesons one gets:

bud : bsd : bsu : bss =0.78:0.098 : 0.098 : 0.024.

black
0 Assuming Br(Ay, — J/PYAN\) =Br(=, —J/P=):
N(A, = J/YN) A(=, NN\, — J/ YA
N(=, = J/P=) ~ A 33 A >.A((/\Z)) - ESVX Ny % /v )'0.9'5kink—n‘ESVX>

A= . . . . .
AE/\b_; =0.9 is detector and trigger acceptance ratio obtained using PYTHIA
b —
Eink—7r =0.6 estimate of pion efficiency from = — ATT decay
Evx =0.4 known relative hyperon SVX track efficiency.

black

0 N(A, — J/WA) is 145 424 in 240 pb~! The current data sample at CDF is 360 pb™!, giving the
number of expected =, — J /)= events to be 6.3. By end of 2005, the Tevatron will have delivered
0.5fb~ ! of integrated luminosity which translates into the total of 14 signal events.
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Exotic Baryons
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Motiv

ation

[1 Searches for states with exotic quantum num-
bers were made since the introduction of quark
model. No convincing evidence was found.

[1 Recent flurry of reports of experimental ev-
idences for a narrow exotic baryon state

decaying to nK™, ng at the mass of
~ 1540 MeV/cz, interpreted as 5-quark,
(uudds), ©.

[1 Remarkable agreement with prediction made
in chiral soliton model of baryons by Diakonov,
Petrov, Polyakov in 1997. The state is believed

to be lightest member of exotic J° = %+ 1_0f.

[ 8 1_Of of exotic baryons

Y

name | Y Mass[MeV] [[MeV] candidate
(Oxs 0O 2 1530 15 —
Nio 1/2 1 1710 (input) 40 N(1710)Pq1
20 1 O 1890 70 >(1880)P11
= 3/2 -1 2070 >140 =(2030 R _ _ —

3/2 ( ) = ddssii :o udssd

3/2 312
=, K- =1, ZOKO
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Motivation

In Correlated Quark approach:
d]?s : 3;® 3;®3; = 8; ® 105 (Jaffe/Wilczek
[u]s,f(_X)f@f P 105 (Jaffe/Wilczek)
6f
or
[ud] (uds) (Karliner & Lipkin)

Jaffe & Wilczek compute spectrum of 10
baryons using di-quark approach, predict
= /5, Eg 1 with the mass 1750 and O, Oy be-
low strong decay thresholds.

NA49 experiment observed 53_ /E,Eg/z,

M ~ 1860 MeV/cz, decaying to
=", =TI

H1 Experiment reported anti-charmed ana-
logue (UUddC) of the O state decaying to
D*tp. M(@Q) = (3,099 + 3 +5) MeV /c”

O'|ludfs)

N

N |ud’Pa)

+ —
lludiisu], 5

3 Jludiisu],

+

pr—

o)

=32, _

|[ds]"u »
(from hep-ph/0307341 (JW))

All results are of relatively low statistics with between 20 and 100 events in peaks, signal to background
ratios ranging from 1:1 to 1:3, statistical significance 3-5 0. Verification on high statistics samples is

warranted => PQ task force at CDF.

June 8, 2005 Dmitry Litvintsev, Fermilab CD/CDF
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PQ searches at CDF
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Search strategy at CDF

CDF advantages

[ high statistics samples

[1 excellent tracking:
e good 3D vertexing reduces background
e excellent mass resolution
e ability to track long lived hyperons (==, Q™) in SVX

[1 good PID capabilities based on ToF and dE/dx to identify protons, kaons.
[ 1t may be difficult to connect results, especially for light PQ, w/ low energy experiments

[] search for the following states:

June 8, 2005 Dmitry Litvintsev, Fermilab CD/CDF
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Notation

Quark content Decay channel Reference Channel(s)

suudd

A(1520) — pK—, K*" — K8mr"

uddss

dudss

=0(1530) — =t

cdudu

cdudu

cuudu

D* — D*Tmr
D* =D

D** — DYt

[1 calibrate/optimize cuts on reference channels, apply same cuts to PQ candidates, add proton PID
cuts, obtain PID cut efficiencies from clean samples of protons (/\)

June 8, 2005
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m.

Datasets

« hadronic trigger data
- events with at least 2 displaced tracks
- hard scattering events

- sample enriched with decay products of charmed and bottom
hadrons

 Jet20 trigger

- each event has at least one jet with Et > 20 GeV, generic
QCD
- prescaled trigger — lower statistics

- Min-bias and zero-bias trigger
- soft inelastic scattering
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=
Particle identifi cation e

[1 combine ToF and dE/dx information for a given track < . 25000

minbias data

into common X7 : = 1_
= - =
2 __ 2 2 S | 7T [ 20000
Xi = X (ToF) + x;*(dE/dx)(COT), g o[ 'H
where 1= paKa Iie, U 2 osl f.-i"r 15000
[ form normalized likelihood ratio: § ol K
. L _ {10000
LH — lh(i) o6l
1~ L
lh(p) +1h(K) +1h(e) +1h(u) +1h(m) osl P ToF | —so00
. - . 2 0.4
where 1h(i) = exp(—X;"/2), o 55— °
measured total momentum p (GeV/c)
[ CDF Run Il Preliminary | L-~220pb-l |__CDF Run Il Preliminary | L~-220pb_l
N L L L DAL N INLANLEL A LI EELALIL I B N L L L L L L LI L
§ - N=2511123 A 1 § L N=1810+63 LH,>0.3 .
2 "~ M=2,285.4+0.4 MeV/c? 1 2 L M=2,285.70.3MeV/c? AU :
N A |J~+ . ’ L= D ¢ M
< 1000} A - S 400 N
= I ] = I A
z z
500|- Ac — pRTT _ 200} _
M - T T'_l_u |l L-—"_l_l_‘_i_l—__
0_...I...I...I...I...I...I...I..._ 0...I...I...I...I...I...I...I...
220 222 224 226 228 230 232 234 236 220 222 224 226 228 230 232 234 236
M(pK 1) [GeV/c?] M(pK 1) [GeV/c?]

No PID cut with proton PID cut
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Exotic Cascade

PO s =4t

— NTI
T
=
\@
Lxy>1cm _,-"'“"VERTEX ; p VERTEX_1
______ |dO] < 0.015 cm
VERTEX 1 X . do1
""""""" =
\doz -
"‘ [d02| < 0.1cm -
PRI MARY VERTEX PRI MARY VERTEX

] find = track in SVX.

[1 attach pion track to =, fit the vertex, apply impact parameter cuts
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N/ 2 MeV/c?

N/ 2 MeV/c?

CDF =" spectra

R
2.0 2.1

[GeVic?]

[ [ AT > 800 > 800
80001 ae ]l S| s |
[ 1 o I 10 I
I ~ 600|- ~ 600|-
6000} 1 =z I = I
4000 ] 400i 4OOT
2000 7 200}~ 200}
ok T —— - a P N B R B I B L
126 128 130 132 134 136 138 14 15 16 L7 _ 18 19 20 21 14
M(AT) [GeVic?] M(=" 1) [GeVic?]
—1
e Jet20 data, [ .Zdt = 0.36pb
—— ~, 180 N
1000} [ — 3 i 3
: [ a4 3 >
i AT ] = =
800[- 1 o i ’ i
I ~ 100 ~ 100
i Z i Z B
60| ]
4001~ 7 s0}- 50|
200 .
126 128 130 134 136 138 14 15 16 L7 _ 18 19 20 21 14 B
[GeVic?] M(=" 1) [GeVic?]
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Results L. .

SVT trigger(l = 17 MeV /c?) | Jet20 trigger(T = 17 MeV /c?)

N(=) 35722+ 326 48704122
N(=(1530)) 1923 £ 80 313428
Op—— (PT>2 GeV/c)- B(P™~—=m)
® O 1530 (122 GeVO/C) %] < 1.7 (3.1) < 3.2 (10.1)
0.0(pT>2 GeV/c)- B(PV—=mh)
= o= 1530 (PT>2 GeV /0] %] < 3.2 (5.8) <3.0(9.2)
Event yields of =~, =(1530) and upper limits on relative cross sections of @~ pentaquarks

at the mass reported by NA49 and =(1530) at 90% Confidence Levels. The numbers in
parentheses represent limits on relative cross section assuming natural width ' = 17 MeV / ¢’
for the pentaquarks.
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CDF =" spectra

e SVT data:

10

relative yield [%)]

' I
r=17 MeV/c?

=0 MeV/c?

L -
°Ts 1.7 1.8 1.9 2.0 2.1
M(=Tt") [GeVic?]
e Jet20 data:
= 30— 1 ]
L B ]
= S r=17 MeVvi/c?
(5] B _ i
2 i —— r=0MeV/ic? |
[} 20—
= B
< |
@ I 2

June 8, 2005

2.0 21
[GeV/c?]

relative yield [%)]

relative yield [%]

10

30

20

1 ‘ LISl ‘ T ‘ T

——
-------- r=17 MeVi/c?
—— =0 Mev/ic?

L
1.6 1.7 1.8 1.9 2.0 2.1

M(=17) [GeVicH]

T T T

S r=17 MeVi/c? -

i —— r=0MeVic? |

1.6 1.7 1.8 1.9 2.0 2.1

M(=TY)
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Charmed PQ L. 3

K
= TT

VERTEX_2

VERTE>X__ 1

©¢ decays strongly, hence has no lifetime. It can be produced in fragmentation of direct C quark or in
decays of b— hadrons.

[] prompt [1 from B-decays or secondary production
7 |Lyy(PQ)| < 0.04 cm 0 Ly (PQ) > 0.04 cm
0 |Ly(PQ)/01,,(PQ)| <3 0 |Ly(PQ) /0L, (PQ)| >3

CDF is especially sensitive to charmed/bottom PQ as displaced tracks from D-mesons come in on
hadronic trigger
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Reference Signals L.

Reference channels

| CDF Run Il Preliminary | L~240pb'1 | CDF Run Il Preliminary | |_~240pb'l | CDF Run Il Preliminary | L~240pb'1
" »”I”‘W””W”W‘(‘)”N””I”«NOZSOOO“‘N“‘N“‘N“‘N“‘INO L
S 4000F ND)=37248%9 1S | DY(2460) 1> 1 Y
v | 0 12 0. o : Ogoooof- | D-DT :
> ND,)= 624741711 | 2 e N=34509:1092 > LDy D;(2460)
(@] ]l O - {1 O -
: N=13628+813
= = —
000 g T | <200k 7 <a00mk
Z z ‘ 1z
2000f 20000
; 15000f- [
1000F 2 i 10000
Oxxxxxlmx1< S S T S i 011111}111}111}1111111[
200235 24,25 26 2 W2 24 2628 30 200 22 24, 26 28 30
2 2
M(D m) [GeVic] M(D ) [Gevic] M(DTr) [GeV/c ]
D" — D*'m D" — DT D* — DOt
— DVt — K-t — K-t

— K-t
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D* p spectrum w/ proton PID

[ CDF Run Il Preliminary | L~24Opb_1 [ CDF Run Il Preliminary | L~240pb_1
Q - ]
> I > i
o™ o™ §
2 | < 10
Z 40} z B
20| o
%.9“‘3.0““3.1&““3.2““3.3 %o 30 3L G2 33
M(D p) [GeVic?] M(D p) [GeVic?]
[] prompt production [1 secondary production
0 T =0MeV/c*: 21@90%CL 0 T =0MeV/c*: 8@90%CL
0 T =12MeV/c* 32@90%CL 0 [=12MeV/c* 15@90%CL
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Event yield vs mass

[1 unbinned likelihood fits varying mass in wide range => calculate mass dependent limits

[ CDF Run Il Preliminary ]

L~240pb™

T T T T T T T T T T T

|

L] M A S T
=S [ —— =12 Mev/c’ |
o Q- 0| S SR o ¥ F P21V S————————
(o] B :
® -
5 40
QL C
> 30
s _f
® 20
W
10
o o . . 0.
3.00 3.05 3,10
M(D p)

[] prompt production

June 8, 2005

3.15

3.20
[GeV/c?]

Event Yield @ 90 % CL

[ CDF Run Il Preliminary ]

L~240pb™

T T T T T T T T T T T

|

s ] -

- —— =12 MeV/c?
20[--

R, ET 011 [T/ CLC S M———

15F
10
5
0:.....i....i...
3.00 3.05 3,10
M(D p)

[1 secondary prouction
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[ CDF Run Il Preliminary ] -~ [ CDF Run Il Preliminary ]
L~240pb
™ L L A T | N B
S 400 S =
O o 300
= = B
L 300 o I
zZ =z B
200
200 I
100}
100 -
o] T [ Ll L R Oi‘l ““ | T R
2.8 2.9 3.0 3.1 3.2 3.3 2.8 2.9 3.0 3.1 3.2 3.3
. 2 - 2
M(D p) [GeVicT] M(D p) [GeVic]

W secondary production

0T =0MeV/c:61 @90%CL

0 =12MeV/c*
e 118 @90%CL

0 prompt production

0T =0MeV/c:80 @90%CL
0 T=12MeV/c*84 @90%CL
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UL vsS mass

[1 unbinned likelihood fits varying mass in wide range => calculate mass dependent limits

CDF Run Il Preliminary | L~240pb_1 [ CDF Run Il Preliminary | L~240pb_1
o 160p—— L e o o077
@) 2 : @) -
5 —— =12 MeV/c ; - f f f f f i
140 e IElZMeVieT - :
2\: z\j 712 0] S — i T L L R —
& 120} o B : : : : : k
® - @ 200 e O MEVHCR
5 100 S . | | | | | -
(O] - () -
< 80 < 150
g ©° & 100f
> >
Ll 40 LLl
20 50
A S S I S 0*....i....i....i....i....i....
%. 3.0 3.1 3.2 2.90 2.95 3.00 3.05 3.10 3.15 3.20
- 2 . 2
M(D p) [GeV/c] M(D p) [GeV/cT]

[] prompt production
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[] secondary production
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DY spectrum w/ proton PID

[ CDF Run Il Preliminary | L~24Opb_1 [ CDF Run Il Preliminary | L~240pb_1
~ 100077 T T T T T T T N Wopr——r——"——T"——"—7——
L e |
> >
(O] ()
= S
™ (92] -
pzd p i

5001

100;
OH|H‘x““x““x““x““ ob— . .
2.8 2.9 3.0_0 3.1 3.2 3.3 2.8 2.9 3.0_0 3.1 3.2 3.3
M(D p) [GeVic?] M(D p) [GeVic?]
[] prompt production [1 secondary production
0T =0MeV/c*: 87 @90%CL 0T =0MeV/c* 107 @90%CL
0 T=12MeV/c*: 122 @90%CL 0 T=12MeV/c*: 214 @90%CL
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UL vsS mass

[ CDF Run Il Preliminary | L~240pb_1 [ CDF Run Il Preliminary | L~240pb_1
— ‘3 L B B R B R R B — USSP ST O P, S .. OO, U SO0 O SO
O E H H . 2 H ; U 220; H H B 2 H E
o 350F ‘ : N Eo Y PNV 77 — = © 200 ‘ D Y PRV S
e - : : : : : - S o : : : 3 : :
- : 110 SERRRES SRR — — F=0 o
8 SO0 v e F= O MEVYCT b = 8 - : : r 30 MeV/Cs : :
B0 140 | | | ‘ | :
s 1 S -
2 200f ‘l/ . Q  120f
> > 100f
M 100f- WA 718 O A QO O A W 0 0 W 60F
50 h : : : : 40
P % 20
o ] oo ]
2.90 2.95 3.00 32% 3.10 3.15 3.20 2.90 2.95 3.00 32% 3.10 3.15 3.20
2 2
M(D p) [GeV/cT] M(D p) [GeV/cT]
[] prompt production [1 secondary production
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DY spectrum w/ proton PID

[ CDF Run Il Preliminary | L~24Opb_1 [ CDF Run Il Preliminary | L~240pb_1
~ T T T T T ~ 400 T T T L
L L ]
2. | > ]
S 1000} S
™ s o 300
zZ i zZ
B 200
5001
B 100
ol ® ol . .
2.8 2.9 3.0 0 3.1 3.2 3.3 2.8 2.9 3.0 0 3.1 3.2 3.3
2 2
M(D p) [GeVic] M(D p) [GeV/cT]

[] prompt production

0 =0MeV/c*: 97 @90%CL
0 T=12MeV/c* 245 @90%CL

[1 secondary production

0T =0MeV/c* 85 @90%CL
0 =12MeV/c* 174 @90%CL
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UL vsS mass

[ CDF Run Il Preliminary | L~240pb_1 [ CDF Run Il Preliminary | L~240pb_1
d N L L R B I B B L BB L B L B B B B L d 300 i LIDYS SOV VS JUUY DS JUUVS FUUPY JUUDR VY IUUVN VY JUUVS JUTY JUUVN OVY JUUDN JVUN JOVVN VDY IOV JUUTY JUUVN JOUTN JOUVY VNS JOVON NOUOS SO X :
B : : : s : E B : = 2 : E
$ 500} | 3 I‘=12MeV/02 ..................... - X 250: S | leozl\i\qﬂe\/\;/% I
8 - : — rzio MeV/C2 : 8 B : : _3 evie : : :
® 400 ®) 200 \b S0 AT, E
=) =) : : : : : +
2 300F ) N
= - c
200 -
g’ g 100
Lu : : : : H LIJ
100pA N Ry e N AT ¥ 21 L O A A ¥ e 50
0....i....i....i....i....i....‘ O*....i....i....i....i....i....
2.90 2.95 3.00 3.05O 3.10 3.15 3.20 2.90 2.95 3.00 3.050 3.10 3.15 3.20
2 2
M(D p) [GeV/cT] M(D p) [GeV/cT]
[] prompt production [1 secondary production
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Limits on ©, yields

o search window 3,099 & 18 MeV /c*
0 take worst point from the limit vs mass inside the window

Reference channel

Search channel

D' - Dt 6247 +1711
D0 — DT 34509 + 1092
Dit — DOt 13628 4 813

@) - D*p <21 @ 90% CL
Q) —=Dp <8 @90% CL
Of - D% <87 @90% CL
Of - D% <97 @ 90% CL

0 conversion of event yields into 0 X B limits is on the way.

June 8, 2005 Dmitry Litvintsev, Fermilab CD/CDF



Summary of non-sightings

Experiment Reaction 0" =3, O

ALEPH Z — PX [ O 0O

DELPHI Z— PX O - = ete” atZ pole

L3 yy — PX [ - -

BaBar ee — Y(49) O o -

Belle KN — PX,B — PX [ o - ete™ at Y(49) or cc threshold
BES ee— J/Y(Ps))—PP O - O

CDF pp — PX - L L collider experiments
ZEUS ep — PX O O 0O

COMPASS  u(°LiD) — PX 0 0o -

E690 pp — PX [l [ -

FOCUS yp — PX [ O 0O

HERA-B pp — PX [] o -

HyperCP Kp— PX [ - -

LASS K+p— K*tnmt u _ _ fixed target experiments
SELEX M, p,~ — PC(N) O - =

SPHINX pC(N) — PC(N) l - =

WAS89 >~ —N— PX O - -

PHENIX AuAu — PX N — —  heavyion collider

score 13/16 1/9 1/6
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Discussion

ENCE

e low energy Photoproduction experiments (LEPS, CLAS, SAPHIR):
- production of conventional mesons @, a, f,, p; decaying to K™K~ could lead to broad structure

in nK™ spectrum at about 1540. Given small statistics and angular cuts a sharp peak may be
generated by this contribution (see Dzierba et al. Phys Rev D69)

e KXe — pKJXe (DIANA,ITEP)

- charge exchange reaction KXe — ng yields peak at fixed mass ~ 1540 if K momentum is fixed.
The case in DIANA experiment (400MeV /c < px+ < 500MeV /c.

e analysis of NK scattering data in the 1540 MeV region (Arnd et. al., Phys. Rev. C68) suggest only
Mo+ <1 MeV.

- HERMES and ZEUS contradict this by measuring g .
- contradicts model prediction of 15 MeV

e Non seeing of ©* in high energy experiments typically leads to production mechanism argument.
The reasoning — @™ has a unique production mechanism characterized by low momentum transfers.

- Observation of © by ZEUS in high energy, central n DIS events plays against this argument.

[1 al low energy it would be nice to study exclusive reaction with ng which would rule some of the
uncertainties related to missing neutron.
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Conclusion

[1 Heavy Baryons

Br (Ao — AL HT,)
Br(Ap, — NITT)
e First observation of A, — A UV,

e First Measurement:

, where A\l — pK~ ™.

e First observation of Ap — =0T vy

e Hyperon tracking allows to reconstruct =9+ for the first time in pp collisions
e CDF is close to discovering =p — =J /(

[0 @~ is not confirmed by any of the experiment with large = samples.

[0 The O, observed by H1 in DIS, was the most promising, as it clearly indicated at ©, production
in c-quark fragmentation. The result is not confirmed by other collider experiments including Zeus
running in the same conditions.

[1 |Experimental evidence for PQs is very weak

[J On positive note. There are interesting diquark based models describing baryon properties.
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